Abstract We present our series of 72 patients with periprosthetic fractures. The Vancouver classification was used to evaluate the fractures; there was one type A, seven type B1, 42 type B2, 17 type B3 and five type C fractures. Demographics, pre and postoperative data using Charnley-D'Aubigne-Postel score for assessment of function were recorded. The mean follow-up for all patients was two years. The overall outcome of treatment was graded as excellent, good or poor. An excellent result indicated that the arthroplasty was stable with minimal deformity and no shortening. Stable subsidence of the prosthesis or when the fracture healed with moderate deformity or shortening was deemed as a good result. A loose prosthesis, nonunion, sepsis, severe deformity or shortening was considered poor. In our series 79% (n=57) had good or excellent results following surgical intervention and 21% (n=15) had complications; they all had undergone re-operation for various reasons such as nonunion, loosening, dislocation or infection. In B2 fractures the stem is unstable and hence revision of the prosthetic stem has been recommended with or without additional fixation. For B3 fractures an allograft prosthesis composite or tumour prosthesis is considered the treatment choice.
Introduction
The indications of joint replacements have increased considerably, and so have the revision arthroplasty rates [14] . The increasing incidence of periprosthetic fractures is attributed to an elderly population and the need for revision surgery [1, 14, 21] . The reported incidence of periprosthetic femoral fractures is 1% (238 of 23,980) for primary joint replacement and 7.8% (497 of 6349) for revision hip surgery [1] . The Mayo clinic reports an accumulated incidence of 0.6% in primary cemented total hip arthroplasty (THA) and 0.4% in primary uncemented THA performed between 1969 and 1990 [13] . The accumulated incidence was 0.4% for the primary group and 2.1% for the revised group from data published by Lindahl et al. [15] .
Treatment of these fractures ranges from nonoperative intervention to complex, expensive revision procedures [16] . The morbidity is increased by pre-existing medical factors in the elderly population [16] . The surgical intervention most often poses a challenge to the surgeon as he not only has to solve the problems of aseptic loosening but also has to take into account the amount of bone loss, the fracture pattern and the integrity of the implant itself in a single procedure [18] . We used the Vancouver classification of postoperative periprosthetic fractures which has been developed and validated to address not just the fracture pattern but also takes into account the implant stability and the bone loss associated with it [2, 3, 5] .
Materials and methods
We retrospectively reviewed periprosthetic femoral fractures over a ten-year period from 1995 to 2005 presenting to our institution and managed by a single surgeon. All cases were retrieved from a database of the operating surgeon. A total of 72 patients were identified; we were unable to classify entirely based on radiographs and hence descriptive data regarding fracture were obtained from operative notes. The Vancouver classification was used to evaluate the fractures. The Charnley prefixes A, B, and C were used to facilitate assessment of function of walking. All patients were followed-up for a minimum of two years. All data was entered at the time of each follow-up during the two-year period.
The data collected included time to radiological union. Plain radiographs were examined for evidence of nonunion, infection, loosening and subsidence. Fractures were considered to be united clinically when the patient could fully weight bear with no pain. The operative approach in cases of surgical fixation was noted. A modified Charnley-D'Aubigne Postel score was used. Complications with regards to fixation techniques were also recorded. The overall outcome of treatment was graded as excellent, good or poor. An excellent result indicates that the arthroplasty was stable with minimal deformity and no shortening. Stable subsidence of the prosthesis, or when the fracture healed with moderate deformity or shortening, was deemed as a good result. A loose prosthesis, nonunion, sepsis, severe deformity or shortening was considered poor. A survey of the patient satisfaction score was done at each follow-up.
Results
Of the 72 patients, 51 females and 21 males, who sustained a periprosthetic femoral fracture the average age was 74.2 (57.2-100.8) years. All fractures were sustained following a fall from a standing height. There were 41 right and 31 left hips in the study. Average time from index procedure was 6.7 years (1.4-27.7 years). The average time to union was four months. A total of 81% of periprosthetic fractures occurred in total hip arthroplasty (n=58), and 19% of patients had uncemented hemiarthroplasties (n=14). Of the periprosthetic fractures, 76% occurred in cemented prostheses, which included both primary (n=40) and revision prostheses (n=15). Twenty-four percent involved an uncemented prosthesis (n=17) ( Tables 1 and 2 ). There were seven B1 fractures, 42 B2, 17 B3 and five C fractures; there was only one type A fracture, which was treated nonoperatively. Three out of seven B1 fractures were treated with dynamic compression plating (DCP); one had a nonunion. Four out of seven were treated with longstemmed prosthesis; of these one had dislocation and the others had infected nonunion. Twenty-seven patients with B2 fractures were treated with long stem revisions; eight of 27 had additional fixation (DCP). Fracture union was achieved in all. Fifteen of 42 had distal locking long stem revision prosthesis among which there were two cases of infections, two dislocations, three stem subsidences and one nonunion which required further revision. Eight out of 17 B3 fractures were treated with distal locking long stem revision prosthesis; one had a wound infection and three had an unstable stem with subsidence that required revision. Nine had a long stem revision alone; of these there were three cases of wound infection; two treated with two-staged revisions and one with excision arthroplasty. In type C, one had distal locking revision prosthesis and the remaining four were treated with open reduction internal fixation (ORIF); all of these fractures united successfully (Table 3 ). In our series 79% (n=57) had good or excellent results following surgical intervention and 21% (n=15) had complications; they all had undergone re-operation for various reasons such as nonunion, loosening, dislocation or infection. Twenty-one percent (n=15) of the periprosthetic femoral fractures were augmented with bone graft Figs. 1, 2, 3, 4.
Discussion
Periprosthetic fractures are difficult to manage [7] . There is an increasing incidence of late postoperative periprosthetic femoral fractures that is attributable to many factors including an increasing number of elderly patients at risk for falls, increasing numbers of young patients with total hip replacements at risk for high-energy trauma events, and the increasing numbers of revision procedures using cementless press-fit fixation or bone impaction allograft techniques [1, 9] . Periprosthetic femoral fractures usually occur with low energy events, either after falls or spontaneously during activities of daily living [17] . Despite different classification systems and treatment methods, the ideal solution for this entity has always been a dilemma [7] . In recent years great advances in prosthetic designs such as distal locking modular revision prosthesis, fixed angle locking plates, and usage of cortical onlay grafts have improved the outcomes of these fractures [6, 11, 18, 19] . Our study examined the demography, patterns of fracture, treatment modalities and rate of failure in patients having operative treatment for postoperative periprosthetic fracture of femur. In the B1 group failure may be attributed to the misinterpretation of radiographs based on Vancouver classification as can be seen from our small series where four of the B1 fractures had stem revisions intraoperatively due to prosthetic stems being loose [15, 17] . In our series of B2 fractures in both cemented and uncemented revisions, union was achieved in all except one.
Failure rates were high in this series for B3 fractures. The failures in B3 can be attributed to deficiency in restoration of bone stock and failure in addressing cortical deficiency. Ideally in these cases the main modality of treatment should be proximal femoral replacement using tumour prosthesis or allograft prosthesis composite [12, 20] . Type C fractures ORIF is an effective method of treatment and is comparable to other studies [4, 8, 10] . Therefore it is of prime importance to tailor treatment to each individual patient based on the fracture personality.
Conclusion
Surgical decision making in this complex group is influenced by various factors such as the patient's age, gender, comorbidity, mobility prior to surgical intervention, femoral anatomy, bone stock quality, type and size of the prosthesis, surgical approaches and techniques. A systematic approach is necessary which is provided by the Vancouver classification to achieve the best outcome. By identifying the high risk groups (recurrent dislocation, loosening, subsidence and osteolysis) and persistent surveillance of clinical and radiological follow-up failures can be avoided.
